The abilities of normal mouse peritoneal exudate cells and fluids to mediate in vitro cell adherence reactions to Ascaris suum juveniles were investigated. Exudates were induced by intraperitoneal injection of Sephadex G-25 or by infection with A. suum and changes in the peritoneal cell populations were determined. The presence of a heat-labile component, probably complement, and a heat-stable component, probably immunoglobulin, in the peritoneal exudate fluid were required for optimum in vitro cell adherence reactions. The in vitro cell adherence reactions were inhibited by ethylenediaminetetraacetic acid; the inhibition was overcome by the addition of calcium and magnesium ions.
Cell adherence reactions (CAR) to parasitic nematodes were described as early as 1929 (12) . In these reactions monocytic cells of the reticuloendothelial system attach themselves to the surfaces of parasitic larvae. The reaction is probably a defense mechanism against invading parasitic nematodes, serving to prevent their migration and the completion of their life cycle. The degree to which these reactions are a specific acquired immune response, and the extent to which the reactions are effective as defense mechanisms, are unknown. These reactions can occur in the blood stream of infected individuals (12) or at other locations within the body such as the peritoneal cavity (6) . In the literature, there are various reports describing the cell types involved (9, 10, 14) , the requirements for antisera (9) , and the requirements for other serum components (9) . The mechanism of cell adherence reactions is far from clear, and there are conflicting reports resulting from the diverse systems studies (2, 6, 15) .
Jeska (6, 7) studied the in vitro CAR of mouse peritoneal cells against the infective, juvenile stages of Ascaris suum. In vitro CAR were obtainable with peritoneal exudates from A. suum-infected and noninfected mice when the exudates were induced with sterile Sephadex G-25. Peritoneal exudate fluid was required to sensitize juvenile ascarids for best CAR (6, 7) . However, the role of humoral factors in cell adherence reactions has not yet been clearly defined.
Additional information is presented here concerning CAR of peritoneal cells from normal and Ascaris-infected mice, the cell types involved, and the role of peritoneal exudate fluid in promoting CAR.
MATERIALS AND METHODS
A. suum juveniles. A. suum adults were obtained at a local slaughterhouse, directly from the guts of freshly slaughtered swine. The uteri were removed from the females by dissection and collected in a 1-quart (0.946 liter) blender jar. When approximately 10% of this volume was taken up by uteri, the jar was filled with water, and the eggs were released by the shear force of the blender which was operated for about 2 min. Since A. suum eggs are more dense than the extraneous tissues released from the uteri, eggs can be separated from such tissue by simply suspending the mixture in water and allowing the eggs to settle. The debris which rises is decanted. The washing procedure is done three to five times, whereupon the eggs are placed in a solution of 3% sodium hypochlorite. The eggs remain in this solution for 30 min, and then water is added to the mixture and the eggs settle to the bottc.n of the vessel in which they were suspended while extraneous matter rises to the surface. The eggs are repeatedly washed until no hypochlorite odor is detectable. They are then placed in large glass plates (similar to petri plates but with a diameter of 23 cm and a depth of 7.5 cm). The eggs are suspended in approximately 250 ml of 0.1 N H2SO4 and are placed in an incubator at 25 C for 35 days. Throughout the incubation period, the egg suspension is agitated and aerated with a bubble tube, as commonly found with household aquariums.
A. suum juveniles were obtained from embryonated eggs as previously described (6) . For Peritoneal exudates. Peritoneal exudates, peritoneal exudate fluid, and peritoneal exudate cells were obtained by injecting 1 ml of an irritant, either Sephadex G-25 or sterile mineral oil (Marcol 52, Humble Oil and Refining Co., Houston, Tex.), into the peritoneal cavities of mice 3 days before collection of exudates. The exudate was recovered by lavage of the peritoneal cavity with 1.5 to 2.5 ml of citrated Eagle minimum essential medium. These procedures have been previously described (7) .
Cell adherence reactions. All reactions were done at 37 C except that peritoneal exudate cells and peritoneal exudate fluid were held at 4 C when necessary between steps in the experiment. The basic procedure has been described (6). This procedure allows peritoneal exudate cells, peritoneal exudate fluid, and A. saum juveniles to mix and incubate at 37 C for up to 3 h as required in the experiments. Peritoneal exudates are recovered and 1.5 to 2 ml of the exudate is placed into a siliconized 5-ml test tube.
Heat-inactivated fetal calf serum (0.5 ml) is added along with 0.2 ml of a saline suspension of second stage juveniles. The concentration of juveniles in the saline suspension is adjusted so "hat there will be 1 juvenile per 20,000 cells in the final reaction mixture.
When it is necessary to treat the peritoneal exudate fluid with heat, or to dialyze it, peritoneal exudates are collected and the fluid is separated from the cells by centrifugation. If the treatment is of short duration (e.g., heat treatment for 30 min), the cells are resuspended in Eagle minimum essential medium and stored at 4 C until the fluid is ready for use. Then, the cells are again sedimented and subsequently resuspended in 1.5 ml of the treated fluid. If the peritoneal fluid is to be treated in a manner that requires much time (e.g., dialysis), the peritoneal fluid is separated from the cells by centrifugation but the cells are discarded. Then, when the fluid is ready for use, fresh exudates are obtained and the cells are repeatedly washed with Eagle miniimum essential medium. Finally, the treated peritoneal fluid is added to the fresh, washed cells. It apparently makes no difference that the cell and fluid are not obtained from the same animal.
The method for assaying cell adherence reactions was previously described (7) cantly reduced (P = 0.01, t-test) when heated peritoneal exudate fluid was used (Fig. 1) . These results indicated that a heat-labile component present in peritoneal exudate fluid of uninfected and infected mice is essential for obtaining the highest levels of cell adherence reaction.
To determine whether the heat-labile component in peritoneal exudate fluid could be replaced by guinea pig complement, noninfected mice were injected intraperitoneally with Sephadex G-25 and peritoneal exudate was collected. The cells were separated from the peritoneal exudate fluid and a portion of the peritoneal exudate fluid was heated at 56 C for 50 min. The peritoneal exudate cell populations from each mouse were divided in half and suspended in 0.5 ml of Eagle minimum essential medium plus 0.5 ml of fetal calf serum. In this way paired samples were prepared. To each tube 1 ml of heated or unheated peritoneal exudate fluid was added. Paired samples with peritoneal exudate fluid were positive controls, while paired samples with heated peritoneal exudate fluid were negative controls. Other paired samples in the experimental group received 1 ml of heated peritoneal exudate fluid, and then one member from each pair received either 0.2 ml of guinea pig complement or 0.2 ml of guinea pig complement which had been heated at 56 C for 50 min. The mean percentages of CAR were 87 for mice receiving peritoneal exudate fluid, 15.5 for mice receiving fluid heated at 56 C for 50 min, 88 for mice receiving heated fluid plus guinea pig complement, 38 for mice receiving fluid and complement, both heated at 56 C for 50 min. The difference between the groups which received heated and nonheated guinea pig complement was significant at the 0.001 level. The untreated guinea pig complement restored the activity of heated peritoneal exudate fluid.
In view of the effects produced with guinea pig complement upon the CAR, it was desirable to establish whether Ca2+ and Mg2+ were affecting the reactions. When sodium ethylenediaminetetraacetic acid was added to Eagle minimum essential medium to a final concentration of 0.01 M (pH 7.2) and used in the tests, the CAR were almost abolished ( Table 4 ). The addition of both calcium and magnesium restored the reactions to optimum levels. The (9, 10) . Stankiewicz (15) noted that polymorphonuclear cells from rat peritoneal exudate adhered to Trichinella spiralis, and Capron et al. (2) have shown that peritoneal macrophages adhered to surfaces of schistosomula of Schistosoma mansoni. Microscopic observations in the present study and in a previous report (6) indicate that large monocytes resembling macrophage adhere to A. suum larvae.
Although it is known that polymorphonuclear leukocytes influence monocyte activity (16) and that chemotactic factors for macrophage are present in polymorphonuclear cell lysates (16) , our data cannot establish a relationship between the polymorphonuclear levels observed and possible influence upon CAR levels. In fact, when BALB/c mice were used and their peritoneal exudate cells were produced under conditions known to yield populations rich in macrophage and poor in polymorphonuclear cells (4) , the level of cell adherence reactions and the adherent cell types were similar to those produced by injection of Sephadex G-25. When induced peritoneal exudate cell populations were fractionated by allowing them to adhere to plastic surfaces and then removing them, optimum levels of CAR were also obtained. This combined information suggests that the cells adhering to the worms were predominantly macrophage. Also, the formation of rosettes of neutral red vacuoles in the cytoplasms of cells in the adherent population further suggested that macrophage were predominant. Adherent cells similar in appearance to those seen in our studies reportedly contained globulins on their surfaces (9), a characteristic of macrophage.
Optimum cell adherence reactions were obtained in the presence of peritoneal exudate fluid and the rates of reaction indicate that near optimum levels were reached in the first 10 min and were 80% complete in 30 min (Fig. 1) . It was previously reported (7) that maximum levels of CAR are obtained when the ratio of juvenilesperitoneal exudate cells equals 1:2.5 x 103. The results of the rate studies plus the fact that there is an optimum cell-to-parasite ratio suggests to us that the kinetics of CAR may follow the saturation kinetics of phagocytosis by peritoneal exudate macrophage as reported by Friend et al. (5) .
The data reported in this paper are interpreted to mean that substances in the peritoneal exudate fluid activate and mediate cell adherence. In addition, heat-labile and heatstable humoral components in peritoneal exudate fluid may interact to produce optimal cell adherence activity (1). This was corroborated by the mixing experiments with peritoneal exudate fluid (Table 3) and guinea pig complement (Table 4) . When either mouse peritoneal exudate fluid or guinea pig complement was added to heated, infected mouse peritoneal exudate fluid, optimum levels of CAR were obtained. The effect of Sephadex G-25 stimulation of mice resulted in an accumulation of heat-stable mediators of CAR in the peritoneal exudate fluid as shown by the fact that the levels of CAR with heated peritoneal exudate fluid from such mice are four to five times higher than the levels with heated fluid from nonstimulated mice.
These mediators found in peritoneal fluid of noninfected mice may be natural antibodies that accumulated in the peritoneal exudate fluid which react with common antigens in the parasite. Blood group antigens have been reported in A. suum (11) . The heat-stable media-tors obtained in the peritoneal exudate fluid after stimulation with A. suum infection may have been acquired antibodies. Additionally, it is well known that antigen-antibody complexes or other particulate materials can generate production of heat-stable factors in normal fresh serum which are chemotactic upon macrophage (13) and polymorphonuclear cells (16) .
Ca2+ and Mg2+ are necessary for optimum CAR to A. suum juveniles because no adherence was observed when peritoneal exudate fluids were dialyzed in a wash solution that was lacking in these two ions or when ethylenediaminetetraacetic acid was added to the peritoneal exudate mixtures. The participation of Ca2+ and Mg2+ in the classical complement pathway is well established. A requirement for divalent cations has been reported in phagocytosis by macrophage (8) . Calcium was required for optimum phagocytosis by peritoneal exudate macrophage and divalent cations were crucial for the ingestion step in the phagocytosis process (8) . In view of our results, it would appear that in vitro CAR with A. suum juveniles involves the steps taken by macrophage during phagocytosis. Further studies are required to delineate the reactions of divalent cations and peritoneal exudate fluid components which produce cell adherence reactions.
